rapidly collect important information Delp, B. R., Stowell, L. J., and Marois, J. J. 1986. Field runner: A disease incidence, severity, and about plant disease incidence, sevi
the operator to each sample site, stored the data, and provided an immediate analysis. Analyses and diagonal designs across a portion or included 1) the estimated mean and variance of disease incidence, 2) the variance-to-mean ratio, 3) all of the field (2,13) ( Fig. 1 A-D) . an estimate of the k parameter of the negative binomial distribution, 4) an estimate of Lloyd's Usually, plants were evaluated at ran indices of mean crowding and mean patchiness, and 5) the Z-score from an ordinary runs analysis.
Usuallysplants were evaluatednat a Fields could be assessed for severity of one disease or for incidence of one to several diseases intervals along these paths. Lin et al (13) simultaneously. Lettuce and alfalfa fields were sampled to test the performance of Field Runner and Basu et al (2) compared the relative under actual conditions. The incidences and aggregation indices for anthracnose and drop of accuracies of these sampling designs and lettuce and severity of alfalfa plant damage caused by alkali soil are reported. Lettuce anthracnose determined that partial-field samples and alfalfa plant damage were aggregated in foci; lettuce drop occurred randomly in the field.
provided the least accurate estimates of disease. There was little difference in the accuracies of the designs across the whole Knowledge of plant disease incidence MATERIALS AND METHODS field if the disease was randomly (number of infected plants or plant units Field Runner, the computer software distributed; however, "X" and "W" expressed as a percentage of the total system described in this paper, simplifies designs were more accurate than the number assessed [12] ), severity, and the task of sampling fields. The system is diagonal design if disease was aggregated. spatial pattern is becoming increasingly designed to aid in the rapid and accurate Maximum dispersal of sample sites along important as the economics of agriculture assessment of disease incidence, severity, the sampling design was the most require more critical decisions at all and spatial pattern in the field. Field important factor to obtain accurate levels. Government, public, and private Runner uses the stratified random estimates of disease incidence if disease institutions use this information to sampling design (SRSD) with singlewas aggregated (13). evaluate their long-term research goals stage cluster sampling (5), in which the In the SRSD, fields are divided into and resource allocations (4,12). Growers field is divided into equal-sized sectors sectors of equal size (stratification) and and agricultural advisors use it to make and a randomly located sample is plants are evaluated at a random location pest management decisions. It is an initial collected within each sector. Stratified within each sector ( Fig. 1 E) (5). Thus, factor for an epidemiologist to study random sampling provides accurate sample sites are distributed thoroughout disease development. Disease incidence, estimates of disease incidence (8), but it the field without bias to any section of the severity, and spatial pattern depend on was too cumbersome in the past to be field. Preliminary results from application data obtained from field samples. The practical. The system, however, incorpoof the SRSD to plant diseases have been accuracy of these data, as well as the time rates a field-portable microcomputer, reported (7). This sampling technique and effort required to obtain them, is and as a result, this sampling design can was tested and compared with the "W" affected by the sampling technique used. now be used more efficiently. The system and diagonal designs for accuracy of Therefore, a desirable sampling technique prompts the operator for necessary estimating the mean disease incidence for would provide the most accurate data for information about the field and disease(s) the entire field (8). The SRSD was more a minimum associated cost. to be sampled. It then directs the accurate than the "W" or diagonal operator to each sample site, stores the designs if sample intensity was greater data, and provides an immediate than 0.2%. In addition to increased analysis. As a result, agricultural accuracy of the estimate of the mean, data for analysis of among-sector later use, and an internal clock for e.g., FACE 90 DEGREES, WALK 29 variance to estimate the degree of disease elapsed time calculations. A manual was PACES, FACE 180 DEGREES, WALK aggregation.
written to explain operation, sampling 7 BEDS. Once at a sample site, the Single-stage cluster sampling is an strategy, and analyses. The program operator is prompted to enter data for extension of the SRSD, in which the source code was included in the manual each plant in the transect and is then sample unit consists of a group or cluster to aid programmers with modifications. directed to the next site. One such path is of smaller units (areas, individual plants, Field layout. Field Runner requires illustrated in Figure 2 . Plant evaluations or leaves) (5). Sample units are located field dimensions and plant spacing to are entered as codes that represent the randomly within each sector as described, divide the field into uniform sectors. This condition of the plant. These codes are Each sample unit is composed of a information is easily obtained by defined by the operator at the beginning "cluster" of adjacent plants, which will be calibrating the operator's pace (as of each sampling session. Plants can be referred to as a transect because of the prompted by the system) and walking the evaluated for presence or absence linear arrangement of the plants (Fig. 2) .
width and length of the field. The (incidence) of disease or for disease The sampling system implemented both direction of water flow in the furrows is severity. Multiple diseases can be rated SRSD and single-stage cluster sampling required for orientaton with respect to simultaneously for incidence; evaluations to provide accurate estimates of disease subsequent directions provided by the for severity are limited to one disease at a incidence, severity, and spatial pattern in system. The operator also specifies the time (Table 1) of the mean and variance of disease incithe population means are different. The k produces a Z-score, which is used to dence, 2) the variance-to-mean ratio (5), parameter of the negative binomial disaccept or reject the hypothesis of 3) the k parameter of the negative tribution is calculated using the method randomness. If the Z-score is less than binomial distribution (1), 4) Lloyd's of moments as described by Anscombe (1). Field data can be plotted to produce mean; therefore, k alone will not indicate i a "map" of the frequency of a particular the level of aggregation of the population.
is a measure of aggregation closely code. If the means of two populations are the related to the k parameter of the negative Field testing. Lettuce and alfalfa fields same, however, the population with the binomial and is equal to mean crowding were sampled to test the performance of smaller k is more aggregated than the divided by the mean. Mean patchiness is the Field Runner system. Lettuce is a row population with the larger k. Relative a measure of "how many times as crop with discrete plants, whereas alfalfa aggregation is not as easily determined if 'crowded' an individual is, on the is a forage crop with essentially average, as it would have to be if the continuous plant cover. sample population had a random Four lettuce fields in the Salinas Valley Table 1 . Examples of disease rating codes used distribution" (14). For example, a of California were sampled for incidence with computer system (Field Runner) patchiness value of 3 implies that the of both anthracnose and drop caused by diseased plants are three times more Marssonina panattoniana (Berl.) Magn.
Rating SeverityC crowded than they would be if they were and Sclerotinia minor Jagger, respectively. codea 
91-97
The sampling technique used with Delp, unpublished). Based on this 8 ...
98-100
Field Runner provides for a sequential biology, anthracnose would be expected to a Codes used to enter data.
series of codes to represent the condition occur in expanding foci throughout a field. hCode set for simultaneous rating of the of each plant in a transect. Ordinary runs incidences of two diseases, anthracnose and analysis (10,15) can be performed on data RESULTS drop of lettuce.
in this form if 20 or more plants per Incidence of anthracnose in sampled C Code set for ratingthe severity of one disease.
transect are evaluated (15). The analysis fields ranged from 3.7 to 78.8% (Table 2 ).
The disease was aggregated within three ies dThe k parameter of the negative bionomial distribution, which decreases as within-field incidernce Theridiesorof agration% dinethe a g g r e g a tio n in c r e a s e s.
n i e c ,t e i d c s f a g e a i n i h eZ-score from ordinary runs analysis (values >-l.64 denote randomness and values <-1.64 field approached uniformity. This denote aggregation of disease within transects), resulted in an indication of near randomness, which was intermediate Table 3 . Lettuce drop data collected and analyzed with computer system (Field Runner) between aggregation and uniformity. All Z-scores were less than -1.64, which Disease indicated that there was within-row incidence centimeters (11) and shows very little denote aggregation of disease within transects).
subsequent plant-to-plant spread. The fDisease incidence was too low to calculate a reliable Z-score. incidence of drop ranged from 2.2 to 9.6% ( 
